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PROCESS FOR THE PREPARATION OF QUATERNARY 
N^LKYL MORPHINAN ALKALOID SALTS 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a process for tlie syntliesis 
5 and/or recovery of quaternary N-alkyI salts of morphinan alloloids. 

N-methyl quaternary derivatives of morpliinan all<alolds such as 
naltrexone, (N-cyclopropylmethyl-noroxymorphone) and N-allylnoroxymorphone 
have useful pharmacological properties as potent antagonists of the mu 
receptor. They bind to peripheral receptors primarily located in the 
10 gastrointestinal tract, act as antagonists and effectively mitigate some of the 
undesirable side effects of opiate therapy such as constipation and nausea. 
Because of their ionic chaige, however, they do not traverse the blood brain 
barrier into the central nervous system; hence, the central activity of opiates 
responsible for pain relief is not bloclced in the presence of these quaternary 
15 derivatives. 

In U.S. Patent no. 4,1 76.1 86. Goldberg, et al. generally describe the 
preparation of quaternary derivatives of noroxymorphones (morphinan alkaloids) 
by quaternlzing a tertiary N-substituted noroxymorphone with a methylating 
agent such as methyl bromide, methyl iodide or dimethylsufate. Goldbeig et al. 

20 disclose that the methylating agent itself may be used as the solvent or, 
alternatively, another solvent medium such as methanol, ethanol, or other 
alcohols, methylene chtoride, chlorofonm, tetrahydrofuran, dkaxane. 
dimethyKbnnamide, dimethylsulfbxide, acetronltrile, nitiomethane or 
hexamethylphosphoric triamide may be used. Goldberg et al. state that they 

25 especially prefer acetone and. In their Example 5, they dissolve N- 

cyclopropylmethylnoroxy-morphone in a mixture consisting of 50 ml of absolute 
acetone and 0.5 ml of dimettiyWonnamide and then admix the resulting solution 
with methyl bromide. Metiiyl bromide was used in excess, greater than six-fold 
molar excess relative to the free base, over a period of 3 weeks in a pressure 

30 vessel. 



SUMMARY OF THE INVgNTIOM; 

Among the various aspects of the present invention is an Impnaved 
process fbrtiie preparation and/or recovery of quaternary morphinan alkaloids. 

Briefly, therefore, tiie present invention is a process for the preparation of 
a quatemary derivative of the morphinan alkaloid. The process comprises 
contacting a tertiary N-substituted morphinan alkaloid w'rth an alkyi halide In an 
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anhydrous solvent system, wherein the solvent system comprises an aprotic 
dipolar solvent with the aprotic dipolar solvent constituting at least 25 wt% of the 
solvent system. 

The present Invention is further directed to a process for the separation of 
quatemized products. The process is as described in claim 27. 

Other objects and features of this invention will be in part apparent and In 
part pointed out hereinafter. 
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DETAILED DESCRIPTION OF THE PRgFFRRED EMBOniMi=:| yTg 

Among the various aspects of the present Invention Is a process for the 
N-all<ylation of ternary morphinan alkaloid bases. In certain embodiments, the 
ternary morphinan alkaloid base is represented by Fomiula I. In other 
embodiments, the temary morphinan base con©sponds to the ring structure of 
thebaine or codeine. 




Formula I 



wherein 

A is >C(0). >C(S), >CCHj, or>CHAi. 
A^ Is hydroxy, alkoxy. or acyloxy, 
Y, is H, hydroxy, alkoxy, or acyloxy, 
20 Z is hydroxy, alkoxy, or acyloxy, and 

is hydrocarbyl or substituted hydrocarbyl. 
The product of the N-alkylation is a quaternary morphinan alkaloid 
derivative. In one embodiment, the quaternary morphinan alkaloid derivative is 
an N-alkylhallde salt of thebaine. codeine, or another morphinan alkaloid. For 
25 example, in one embodiment, the salt con^ponds to Formula II. 
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Formula II 



wherein A, Y. R\ and Z are as defined In connection with Formula I is 
hydrocarbyl or substituted hydrocarbyl, and X" Is a halogen anion. 

In another embodiment, the present invention Is directed to a process for 
the N-alkylation of ternary morphinan alkaloid bases to the corresponding N- 
alkyl quartenary morphinan alkaloid salts represented by Formula III: 




Formula III 



wherein R\ R^, X, Y, and Z are as defined in connection with Fomiula I and A^q 
1 0 is oxygen, sulfur or methylene. 

In a further embodiment, the present Invention is directed to a process for 
the N-alkylatlon of temary morphinan alkaloid bases to the corresponding N- 
alkyl quartenary alkaloid salts represented by Formula IV: 
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wherein R\ R^, X, Y, and Z are as defined in connection with Fomiula II and 
5 is hydroxy, all<oxy (e.g., methoxy), or acyloxy (e.g., acetoxy). 

In each of these embodiments In which a ternary ail<aIoid base, is 
alkylated to form the corresponding N-alkyI quartenary alkaloid salt represented 
by Fonnula II, Fonmula III, or Formula IV, 2 is preferably hydroxy, or an alkoxy 
or acyloxy selected from -OCH,, -OAc, -OTHP. -OSIR',, -OBn, -OBz. -OBs, 

10 -OTs, or -OMs, more preferably methoxy; Y is preferably -H, -OH, or an alkoxy 
or acyloxy selected from -OCHs, -OAc. -OTHP, -OSIR',, -OBn, -OBz. -OBs. -OTs. 
or -OMs, more preferably H or hydroxy; R^ Is preferably methyl, ethyl, propyl, 
allyl (-CH2CH=CH2). chloroallyl, cyclopropylmethyl, cyclobutylmethyl.or 
propargyl, Rj is alkyi, alkenyl or alkaryl. and X" Is bromide. Thus, for example, 

1 5 the N-alkyI quaternary alkaloid salt may be the N-alkyI quaternary bromide salt 
of naltrexone, naloxone, nalmefene, nalbufene, codeine, morphine, 
oxymorphone. hydromorphone, oxycodone, thebaine, 14-hydroxy-codeinone 
and codelnone. 

In general, the N-alkyI quaternary derivative of the ternary alkaloid base Is 
20 prepared by contacting the base with an aikyi halide in an anhydrous solvent 
system. Relatively concentrated solutions are prefened. That Is, the reaction 
mixture preferably comprises no more than about 2 equivalents of solvent for 
each equivalent of ternary alkaloid base to solvent. In some embodiments, the 
reaction mixture comprises no more than about 1.75 equivalents of solvent for 
25 each equivalent of ternary alkaloid base. In other embodiments, the reaction 
mixture comprises no more than about 1.5 equivalents of solvent for each 
equivalent of ternary alkaloid base. 



4 



fe-O ^If^Qyi^^^ JL O 33 O SI- 
PATENT 

A range of alkylating agents may be used In the process of the present 
invention. In general, alkylating agents comprising 1 to 8 carbons, optionally 
substituted and optionally unsaturated are prefen-ed. Thus, for example, the 
alkylating agent may be a methyl, ethyl, propyl, ally!, cyclopropyl. or benzyl 
5 halide. While alkyi chlorides and alkyi iodides may be used, it is generally 
preferred that the alkyi halide be an alkyi bromide. Relative to the 
corresponding alkyi bromkies, under certain conditions alkylations with alkyi 
chlorides tend to proceed slowly and alkyi iodides tend to lead to over alkylation 
of the ternary alkaloid substrates. In one embodiment, for example, the 

10 alkylating agent Is methyl, ethyl, propyl, allyl, cyclopropyl or benzyl bromide, 
preferably methyl bromide. 

The solvent system for the N-aikylation comprises an aprotic. dipolar 
solvent and is anhydrous.' That is, the solvent system comprises less than about 
0.5 wt.% water, typically less than about 0.2 wt.% water, still more typically less 

15 than 0.1 wt.% water, and in some embodiments, less than 0.05 wt.% water.. In 
addition, it is prefen-ed that the aprotic, dipolar solvent constitute a significant 
fractton of the solvent system; for example, in one embodiment the aprotic, 
dipolar solvent constitutes at least about 25 wt% of the solvent system. In 
another embodiment, the aprolfc, dipolar solvent constitutes at least about 

20 50 wt% of the solvent system. In a further embodiment, the aprotic, dipolar 
solvent constitutes at least about 75 wt% of the solvent system. In a further 
embodiment, the aprotic, dipolar solvent constitutes at least about 90 wt% of the 
solvent system. Exemplary aprotic dipolar solvents Include dimethyl acetamide, 
dimethyl formamide, N-methylpyn'olidinone, acetonitrile. 

25 hexamethylphosphoramide ("HMPA"). and mixtures thereof. N- 

methylpymolidinone is typically prefen-ed. In addition to the aprotic dipolar 
solvent, the solvent system may additionally comprise other solvents such as 
acetone, ether, hydrocarbon, toluene, benzene, and halobenzene. 

The reaction may be canled out over a wide range of temperatures and 

30 pressures. Surprisingly, however, it has been discovered that when methyl > 
bromide gas is dissolved in anhydrous 1-methyl-2-pynt)IIdlnone, the methyl 
bromide is predominantly retained at temperatures of 85 "C at relatively modest 
elevated pressures (e.g., s 2 atmosphere, si. 5 atmospheres, si. 25 
atmospheres) or even at atmospheric pressures without the use of relatively 

35 expensive pressure vessels. In such embodiments, the reaction will be earned 
out at a temperature somewhere In the range of room temperature (about 25 "C) 
to about 90 "C. typically about 55 to about 85 "C. Advantageously, the rate. 
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conversion, yield and concentration of naltrexone base to the N-methylated 
product in anhydrous 1-nf)ethyl-2-pyrro!idinone is dramatically increased at lower 
reaction temperatures (<70 "C) as compared to the reaction in acetone earned 
out at 125-140 "C (> 10 atm) over 24 hours. 

The product is obtained after completion of reaction by cooling the 
reaction to room temperature. In one embodiment, an aprotic solvent of low 
polarity in which the product is not soluble is added to the reaction mixture to 
Increase "flowability- and to enhance precipitation. The resulting mixture is 
preferably stin-ed. vacuum filtered and dried to yield a cnjde product. In a 
preferred embodiment, the aprotic solvent of low polarity used is selected from 
acetone, ether, or hydrocabon such as benzene or toluene. 

In general, N-alkylations of morphinan substrates that contain a 3-hydroxy 
moiety may yield undesirable 3-alkoxymorphinans. Crude product mixtures 
containing 3-hydroxy and 3-aikoxymorphinans may be purified by adding strong 
base, e.g., sodium methoxide, NaOH, or KOH in methanolAwater, heating the 
mixture to convert the 3-hydroxymorphinan to its sodium salt, adding additional 
methanol, cooling to precipitate the sodium salt, filtering and drying. The 
purified N-alkyI product may be then regenerated from the sodium salt by 
redissolving the salt in a methanolAvater solution, adjusting the solution to a pH 
of 0.5 to 1 using 45% hydrobromic acid, filtering the solution, adding extra 
methanol, heating moderately to 50-55 and finally cooling to ice-bath 
temperature to precipitate the pure product. The precipitated product is 
recovered by vacuum filtration, washing with additional methanol and dryinq to 
75»C. 

Purification of crude product from the synthesis described above yielded 
pure N-alkyl product of 99.5% purity by HPLC relative to an analytical standard. 

DEFINITIONS 

The tenns "hydrocartjon" and "hydrocarbyl" as used herein describe 
organic compounds or radicals consisting exclusively of the elements carbon 
and hydrogen. These moieties include alkyi, alkenyl, alkynyl. and aryl moiefies. 
These moieties also include alkyI, alkenyl, alkynyl. and aryl moieties substituted 
with other aliphatic or cyclic hydrocarbon groups, such as alkaryl, alkenaryl and 
alkynaryl. Unless otherwise indicated, these moieties preferably comprise 1 to 
20 carbon atoms. 

The "substituted hydrocart>yl" moieties described herein are hydrocarbyl 
moieties which are substituted with at least one atom other than carbon. 
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including moieties in which a carbon chain atom is substituted \A^th a hetero 
atom such as nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or a halogen 
atom. These substituents include halogen, heterocycio, atkoxy, alkenoxy, 
alkynoxy, aryloxy, hydroxy, keto, acyl, aoyloxy, nitro, tertiaryamino. amido, nitro. 
5 cyano, ketals, acetals, esters and ethers. 

Unless otherwise indicated, the alkyi groups described herein are 
preferably lower alkyl containing from one to eight carbon atoms in the principal 
chain. They may be straight or branched chain or cyclic and include methyl, 
ethyl, propyl, isopropyl, allyl, benzyl, hexyl and the like. 
10 The terms "halogen" or "halo" as used herein alone or as part of another 

group refer to chlorine, bromine, fluorine, and iodine. 

The term "halide" refers to fluoride, chloride, bromide, or iodide ions. 
The term "narcotics" as used herein refers to drugs that depress the 
central nervous system and relieve pain when used in moderate doses... 
1 5 The term "opioid" as used herein refers to non-opiunv<lerived (synthetic 

or naturally occuring)narcotics that act on the central nervous system to 
decrease the sensation of pain. 

The term anhydous solvent as used herein refers to solvenfe containing 
less than 0.5% by weight water, preferably maintained and handled under 
20 nitrogen gas during a reaction. 



EXAIVIPLE 1 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone MethoBromide: 
Bromomethane in 1-methyl-2-pynrolldinone 

A 3-necked 500-mL flask was fitted with an addition funnel, 
25 thennocouple, condenser and a mechanical stirrer. 100 mL of 1-methyl-2- 
pyrrolidinone was added to the flask under a sweep of dry nitrogen and was 
heated to 55°C. The addition funnel was replaced with a powder funnel, 100 gm 
of naltrexone anhydrous base was added with stirring, the funnel was "washed 
down" with 25 mL of 1-methyl-2-pyrrolidinone and the temperature was adjusted 
30 to SS-Sa^'C. The addition funnel was placed back on the 3-necked flask. 
Separately, 25 mL of anhydrous 1-methyl-2-pyrrolidinone was cooled in a 
graduated cylinder. Methyl bromide gas was condensed in a lecture bottle using 
an ice bath and 25 mL was measured out as a liquid into another cold graduated 
cylinder. The cold methyl bromide liquid and 1-methyl-2-pyrraiIdinone were 
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combined and mixed. The methyl bromide solution was poured into the addition 
funnel and then added dropwise to the naltrexone base under a slow sweep of 
dry nitrogen. The reaction temperature was increased to 61-65'C. A mild 
exotherm was noted. 

After about one hour, a fine white suspension of N-naltrexone methyl 
bromide could be obseived which increased throughout the 8 hour reaction time. 
The mixture was then cooled to 20-55"C. Acetone was poured into the 
suspension to facilitate the precipitation of soluble product The slurry was 
cooled to Ice bath temperature and stirred fori to 2 hours. The product was 
recovered by vacuum filtration and washed with 75 mL of additional acetone. 
The product was dried in a convection oven to a constant weight The crude 
weight yield was 80 to 85 g with a HPLC assay of 90-93% area % purity. 



EXAMPLE 2 

Purification procedure for products from N-all<ylations: 
N-Cydopropylmethyl-Noroxymorphone MethoBromide - 

The undesirable phenolic (O-alkyI) side-products were removed by first 
converting the O-alkyI impurity in caide N-naltrexone methyl bromide into its 
sodium all<oxide salt utilizing a strong base, e.g., 40 mL of 25% sodium 
methoxide in methanol/water (220 mL/120 mL). The solution was heated to 50- 
65=C with an additional 500 mL of methanol. The solution was cooled to 20- 
25°C for 60-90 min. The sodium salt crystallized on stimng and was recovered 
by vacuum filtration. After drying at 60X under nitrogen, the sodium salt 
weighed 53-55 g. 

The product was regenerated by adjusting the pH of a methanol/water 
(100 mL, ratio 5:7.5) sodium salt solution to 0.5-1 with 25 g of 45% hydrobromic 
acid. The solution was filtered. 150 mL of methanol added, the temperature was 
adjusted to 50-55X and finally cooled to Ice-bath temperature. The white 
precipitated product was recovered by vacuum filtration and washed with 75 mL 
of methanol. After drying to 75»C. the purified product weighed -45 g. The 
product was 99.5% pure by HPLC assessment relative to an analytical standard. 

The procedure described above is applicable to other N-alkylations. 
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EXAMPLE 3 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone MethoBromide: 
Bromomethane in N.N-dimethylfomiamide (OI\^F) 

Naltrexone base (40.0 grams) was dissolved in N,N-dimethylformamide 
5 (DMF) (50 mL IVIallincl<rodt, AR) with mild heating and then purged with dry 
house nitrogen. Methyl bromide (5 mL. Aldrioh) cooled to ice bath temperature 
was measured out into a cold (-5 °C) 10 mL graduated cylinder and quickly 
added to the reaction flask. With the bubbler left in place, the glass flask was 
heated to 65 "C for ten hours. The cmde product was recovered from the DMF 

1 0 by precipitation with acetone (75 mL, Malllnckrodt AR) after a short reflux period. 
A white solid was isolated by vacuum filtratton and washed with acetone 
(Malllnckrodt AR). The crude product (22.7 g) was dissolved in 
methanol(Mallinckrodt AR)/delonized water (1 10 mL, 80/20). charcoal (DARCO 
KB-B, Ba# M-1014) treated (0.5 g) and then allowed to crystallbe. The salt like 

16 product (1 7.2 g) was recrystallized again from methanol/delonlzed water (90 

mL). The product, naltrexone methobromlde, weighed 1 2.3 grams after drying in 
a vacuum oven overriight. HPLC analysis indicated that no O-methylated 
products were left. The starting base was the only remaining Impurity at a 
concentration of 0.64 wt./Wt The product assayed at 99.36 wt^.%. 



EXAMPLE 4 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone Methobromlde: 
Bromomethane in 1-Methyl-2-Pyrroikllnone (NMP) 

To a 3-necked 250 mL flask fitted with a thermocouple, addition funnel, 
condenser and a mechanical stirrer, was added 50 mL of fresh anhydrous 1- 
methyi-2-pyrrolidinone (Aldrich) under a sweep of dry nitrogen. The solution was 
heated to SS'C. The addition funnel was replaced with a powder funnel and 
anhydrous naltrexone base (39.5 grams) was added with stirring. After the 
funnel was "washed down" with 10 mL of additional 1-methyl-2-pyrrolidinone. the 
temperature was adjusted to 55-58 X. The addition funnel was placed on the 
flask. Separately, 10 mL of anhydrous 1-methyl-2-pym)lidinone was cooled in a 
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graduated cylinder. Methyl bromide gas was condensed In a lecture bottle using 
an Ice bath and 10 mL was measured out as a liquid Into another cold graduated 
cylinder. The cold methyl bromide liquid and 1-methyl-2-pyrrolidinone were 
combined and mixed. The methyl bromide solution was poured into the addition 
funnel and then added dropwise to the naltrexone base under a slow sweep of 
dry nitrogen. An exotherm was noted and the temperature of the solution 
climbed to 66 "C. The reaction temperature and time was set at 62.5 =C for nine 
hours. After an hour, a fine white suspension of naltrexone methobromlde began 
to fomi. At the end of nine hours the heating was discontinued and the mixture 
was allowed to cool to room temperature and left stining overnight. Acetone (75 
mL) was poured into the suspension to facilitate the precipitation of soluble 
product The slurry was cooled to ice bath temperature and stirred. The product 
was recovered by vacuum filtration and washed with 25 mL of additional 
acetone. The product was dried to a constant weight In a vacuum oven set at 60 
"C. The yield of the unpurified product was 31 .8 g . 



EXAMPLE 5 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone MethoBromide: 
Reduced Bromomethane in 1-Methyl-2-Pym)lidinone (NMP) Ambient Pressure 

To a 3-necked 250 mL flask fitted with a themiocouple. addition funnel, 
condenser and a mechanical strrer. was added 50 mL of 1-methyl-2- 
pyn^olidinone under a sweep of dry nitrogen. The solutfon was heated to 55''C. 
The addition funnel was replaced with a powder funnel and anhydrous 
naltrexone base (40 grams) was added with stimng. After the funnel was 
"washed down" with 10 mL of 1-methyl-2-pyrroIidinone. the temperature was 
adjusted to 55-58 "C. The addition funnel was placed on the flask. Separately. 
10 mL of anhydrous 1-methyl-2-pynolidinone was cooled in a graduated 
cylinder. Methyl bromide gas was condensed In a lecture bottle using an ice bath 
and 8 mL was measured out as a liquid Into another cold graduated cylinder. 
The cold methyl bromide liquid and 1-methyl-2-pym)lidinone were combined and 
mixed. The methyl bromide solution was poured Into the addition funnel and 
then added dropwise to the naltrexone base under a slow sweep of dry nitrogen. 
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The reaction temperature was increased to a set temperature of 62.5 °C for nine 
hours. After akx>ut two hours, a fine white suspension of naltrexone 
methobromlde began to form. At the end of nine hours the heating was 
discontinued and the mixture was allowed to cool to room temperature and left 
5 stim'ng ovemlght. Acetone (75 mL) was poured Into the suspension to facilitate 
the precipitation of soluble product. The slurry was cooled to ice bath 
temperature and stin-ed. The product was recovered by vacuum filtration and 
washed with 25 mL of additional acetone. The product was dried to a constant 
weight In a vacuum oven set at 60 "C. The yield of the unpurified product was 
10 26.9 g . 



EXAIMPLEe 

Synthesis of N-Cydopropylmethyl-Noroxymorphone MethoBromlde: 
Bromomethane in NMP at 72,5 "C for Sbc Hours 

To a 25 mL flask fitted with a condenser and stinring bar was added 3 mL 
15 of fresh anhydrous 1 -methyl-2-pyrroIidinone (Aldrich) under a sweep of dry 
nitrogen. Anhydrous naltrexone base (2.0 grams) was added with stirring. 
I\^ethyl bromide gas was condensed in a lecture bottle using an ice bath and 0.5 
mL was measured out as a liquid into another cold graduated cylinder. The 
methyl bromide was poured into the naltrexone base suspension under a slow 
20 sweep of dry nitrogen. The reaction temperature and time was set at 72.5 °C for 
six hours. At the end of six hours, the heating was discontinued and the mixture 
was allowed to cool to room temperature and left stining overnight. Acetone (15 
mL) was poured into the suspension to facilitate the precipitation of soluble 
product. The slurry was cooled to ice bath temperature and stinred. The product 
25 was recovered by vacuum filtration and washed with additional acetone. The 

product was dried to a constant weight in a vacuum oven set at 60 "C. The yield 
of the unpurified product was 1.77 g . 
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EXAMPLE 7 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone MethoBromide: 
Bromomethane in NMP at 57.5-C for Twelve Hours 

To a 25 mL flask fitted with a condenser and stirring bar was added 3 mL 
5 of fresh anhydrous 1 -nnethyl-2-pyrrolidinone (Aldrich) under a sweep of dry 
nitrogen. Anhydrous naltrexone base (2.0 granrjs) was added with stimng. 
Methyl bromide gas was condensed In a lecture bottle using an ice bath and 0.5 
mL was measured out as a liquid into another cold graduated cylinder. The 
methyl bromide was poured Into the naltrexone base suspension under a slow ' 

10 sweep of dry nitrogen. The reaction temperature and time was set at 57.5 °C for 
twelve hours. At the end of this time, the heating was discontinued and the 
mixture was allowed to cool to room temperature and left stining overnight. 
Acetone (15 mL) was poured into the suspension to facilitate the precipitation of 
soluble product. The slurry was cooled to Ice bath temperature and stirred. The 

1 5 product was recovered by vacuum filtration and washed with additional acetone. 
The product was dried to a constant weight in a vacuum oven set at 60 "C. The 
yield of the unpurified product was' 1 .87 g . 



EXAMPLES 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone MethoBromide: 
20 Bromomethane In NMP at eO^C for Twelve Hours 

To a 25 mL flask fitted with a condenser connected to a bubbler and 
stining bar was added 3 mL of fresh anhydrous 1-methyl-2-pyrrolidinone 
(Aldrich) under a sweep of dry nitrogen. Anhydrous naltrexone base (2.06 
grams) was added with stin-ing. Methyl bromide gas was condensed in a lecture 
25 bottle using an Ice bath and 0.5 mL was measured out as a liquid into another 
cold graduated cylinder. The methyl bromide was poured Into the naltrexone 
base suspension under a slow sweep of dry nitrogen. The reaction temperature 
and time was set at 60 "C for twelve hours. At the end of this time, the heating 
was discontinued and the mixture was allowed to cool to room temperature and 
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then left stirring overnight. Acetone (15 mL) was poured into the suspension to 
facilitate the precipitation of soluble product. The slurry was cooled to ice bath 
temperature and stirred. The product was recovered by vacuunn filtration and 
washed with additional acetone. The product was dried one hour in a vacuum 
oven at 60 ''C. The yield of the unpurified product was 1 .84 g . 



EXAMPLE 9 

Synthesis of N-Cyclopropylmethyl-Noroxymorphone MethoBromide: 
Bromomethane in NMP at 65 ^'G for Eight Hours 

To a 25 mL flasic fitted with a condenser and stirring bar was added 5 mL 
10 of fresh anhydrous 1-methyl-2-pyrroIidlnone (Aldrlch) under a sweep of dry 
nitrogen. Anhydrous naltrexone base (4.08 grams) was added with stirring. 
Methyl bromide gas was condensed in a lecture bottle using an ice bath and 1 
mL was measured out as a liquid into another cold graduated cylinder. The 
methyl bromide was poured into the naltrexone base suspension under a slow 
1 5 sweep of dry nitrogen. The/reaction temperature and time was set at 65 ''C for 
eight hours. A white suspension began to form after one hour. At the end of 
eight hours, the heating was discontinued and the mixture was allowed to cool to 
room temperature and left stim'ng overnight Acetone (1 5 mL) was poured into 
the suspension to facilitate the precipitation of soluble product. The slurry was 
20 cooled to ice bath temperature and stirred. The product was recovered by 

vacuum filtration and washed with additional acetone. The product was dried to 
a constant weight in a vacuum oven set at 60 ^'C. The yield of the unpurified 
product was 3.9 g's at a 93.5 % purity by area on HPLC analysis. 3.68 Grams of 
white salt was obtained after recrystallization from methanol/water and drying. 
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EXAMPLE 10 

Synthesis of N-Cyclopropylmethyl-NorDxymorphone MethoBromide: 
Bromomethane in N,N-Dimethylacetamide (DMAC) 

To a 25 mL flasl< fitted with a condenser and stimng bar was added 3 mL of 
fresh anhydrous N,N-dimethylacetamide (Aldrich) under a sweep of dry nitrogen. 
Anhydrous naltrexone base (2.01 grams) was added with stirring. Methyl bromide 
gas was condensed in a lecture bottle using an ice bath and 0.5 mL was measured 
out as a liquid into another cold graduated cylinder. The methyl bromide was poured 
into the naltrexone base suspension under a slow sweep of dry nitrogen. The 
reaction temperature and time was set at 60 ''C for eight hours. At the end of eight 
hours the heating was discontinued and the mixture was allowed to cool to room 
temperature and left stirring overnight Acetone (15 mL) was poured into the 
suspension to facilitate the precipitation of soluble product. The slurry was cooled to 
ice bath temperature and stirred. The product was recovered by vacuum filtration and 
washed with additional acetone. The product was dried to a constant weight In a 
vacuum oven set at 60 ""C. The yield of the unpurified product was 1 .63 g . 



EXAMPLE 11 
Synthesis of Naloxone Methobromide: 
Bromomethane in DMF 

To a 25 mL flask fitted with a condenser and stirring bar was added 5 mL of 
anhydrous N,N-dimethylforamide (Aldrich) under a sweep of dry nitrogen. Anhydrous 
nalaxone base (4.1 1 grams) was added with stirring. Methyl bromide gas was 
condensed in a lecture bottle using an Ice bath and 0.5 mL was measured out as a 
liquid into another cold graduated cylinder. The methyl bromide was poured into the 
naltrexone base suspension under a slow sweep of dry nitrogen. The reaction 
temperature and time was set at 60 °C for ten hours. At the end of ten hours the 
heating was discontinued and the mixture was allowed to cool to room temperature 
and left stirring over the weekend. Acetone (10 mL) was poured into the suspension 
to facilitate the precipitation of soluble product. The slurry was cooled to ice bath 
temperature with stining. The product was recovered by vacuum filtration and 
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washed with additional acetone. The product was dried in a vacuum oven set at 60 
"C for two hours. 2.89 Grams of the cmde product were recovered. Recrystallization 
from methanol/water (20 mL, 8:2) yielded 2.43 grams of a white crystalline product 



EXAMPLE 12 

N-Methylation of N-Naltrexone: 
Chloromethane in DMF 



To a 25 mL 3-necked flask fitted with a condenser connected to a bubbler and 
containing a stining bar was added 10 mL of anhydrous NN-dimethylfbnnamide 
(Aldrich) under a sweep of dry nitrogen. Anhydrous naltrexone base (4.02 grams) 
was added with stirring. A cylinder of methyl chloride gas was connected to a 
dispersion tube in the solution and the nitrogen sweep was stopped. The methyl 
chloride was bubbled into the solution at 70 °C ovemight. No detectable product was 
observed upon cooling. Yield, however, could be improved by addition of an iodide or 
bromide salt, e.g.. Nal, NaBr, i.e., in-situ conversion of methyl chloride to methyl 
iodide or methyl bromide. 



15 



MALL 1585 
PATENT 



CLAIMS 



1 . A process for the preparation of a quaternary derivative of a morphinan 
alloloid, the process comprising contacUng a tertiary N-substituted nrtorpliinan 
all<a!oid substrate witli an all<yl halide (or ali<yiating agent) in an aniiydrous solvent 
system wlierein the solvent system comprises an aprotic dipolar solvent with the 
aprotic dipolar solvent constituting at least 25 wt% of the solvent system, the tertiary 
N-substituted morphinan alkaloid has structure 



A is >C(0), >C(S), >CCHj. or >CHAi. 
A, is hydroxy, alkoxy. oracyloxy, 
Y, is H, hydroxy, alkoxy. or acyloxy, 
Z is hydroxy, alkoxy, or acyloxy, and 

is is hydrocarbyl or substituted hydrocarbyl. 

2. The process according to claim 1 , wherein said process is carried out at 
a pressure of less than 2 atmospheres. 

3. The process according to claim 1 , wherein the solvent system 
comprises a mixture. 

4. The process according to claim 1 , wherein said aprotic dipolar solvent is 
1 -methyl-2-pynolidinone. 




wherein 
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5. The process according to claim 1 , wherein Y and Z are independently 
-OCH3. -OAc. -OTHP. -OSiR'a. -OBn, -OBz, -OBs, -OTs, or-OMs, 

6. The process according to claim 1 , wherein said anhydrous aprotic 
dipolar solvent contains less than 0.2% water and is maintained In a moisture-free 
nitrogen atmosphere in a reaction vessel. 

7. The process according to claim 1, wherein said anhydrous aprotic 
dipolar solvent contains <0.1% water. 

8. The process according to daim 1, wherein said anhydrous aprotic 
dipolar soh/ent contains <0.05% water. 

9. The process according to claim 1 , wherein said alkylating agent is a 
methylating agent 

10. The process according to claim 9, wherein said alkylating agent is a 
methyl bromide. 

1 1 . The process according to claim 1 , wherein said substrate is nalfrexone. 

12. The process according to daim 1 , wherein said substrate is naloxone. 

13. The process according to claim 1 . wherein said substrate is nalmefene. 

14. The process according to claim 1 , wherein said substrate is nalbuphine. 

15. The process according to claim 1 , wherein said substrate is morphine. 

16. The process according to claim 1 , wherein said substrate is codeine. 

17. The process according to claim 1 , wherein said substrate is 14-hydroxy- 
codeinone. 
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18. The process according to claim 1 , wlierein said substrate is codeinone. 

19. The process according to claim 1 . wherein said substrate is 
oxymorphone. 

20. The process according to daim 1 , wherein said substrate is oxycodone. 

21 . The process according to claim 1 , wherein said substrate is 
hydromorphone. 

22. The process according to claim 1 , wherein said substrate is thebaine. 

23. The process according to claim 1 , wherein said all<ylating agent and 
said substrate are present in a mole ratio of between 1 :1 -1 .5:1 . 

24. The process acconding to claim 16, wherein said mole ratio of alkylating 
agent to substrate is 1 .25: 1 . 

25. The process according to claim 1 , wherein said anhydrous dipolar 
aprotic solvent and said substrate are present in a volume-to-weight ratio of 1.5:1 - 
1.75:1. 

26. The process according to claim 1 , wherein said reaction is carried out 
within a temperature range of 55-85'*C. 

27. A process for separation of a liquid mixture of a 3-alkoxymorphinan 
from a 3-hydroxymorphinan, the process comprising, 

contacting the mixture with a strong base, thereby converting the 3-hydroxy 
morphinan to a salt. 

precipitating the salt but not the 3-alkoxymorphinan from the liquid, and 
separating the salt precipitate from the 3-alkoxymorphinan. 

28. The process in claim 27 wherein said strong base is selected from 
sodium mettioxide, sodium hydroxide, and potassium hydrosdde. 
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29. The process In dalm 26 wherein said methanoi/water mixture is present 
in a volume ratio of about 2:1 . 

30. The process in dalm 27 wherein, said pH is adjusted with hydrobromic 

add. 
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